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Abstract 
This study aimed to address several issues in city planning and design by finding out the appropriate plants to grow along the 
road and/or road green median, as a part of green open space. There are two urban environmental problems being addressed: (i) 
the increase of pollutant particles in street-level air caused by the fast growing of traffic volume; and (ii) the shrinkage of urban 
greenery caused by cutting down the trees to widen roads in order to accommodate the traffic. The quantitative characteristic of 
urban greenery area is important, but the qualitative characteristics of the greenery environment function must be considered 
wisely as well. Laboratory experiments of several tree characters have been done to measure the Pb absorption. The sample trees 
were chosen in the surrounding area of high traffic CBD road, and in the surrounding area of University of Hasanuddin (Unhas) 
campus local road. This study concluded that the number of stomatas and trichomes, the exuberance of foliage, and the height 
position of leaves influence on Pb absorption. These findings are important to be taken into consideration for the improvement of 
the urban greenery quality. 
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1. Introduction 
Makassar City as a gateway for eastern Indonesia is a 
city with increasing population density. The widespread of 
population growth of this city is paralleled with the 
increased needs in various fields, including in 
transportation, as indicated by the increased number of 
motor vehicles and results in increased motor vehicle 
emission.  
According to Makassar Transportation Services, 
motorcycles in 2011 reached 703,191 in number, an 
increase of 13% from 2010, while the number of cars 
reached 154,094 units, an 8% rise from 2010. Total number 
of motor vehicles operating in Makassar in 2011 reached 
857,285 and it was estimated to increase 10% in the first 
semester of 2012. If this trend continues without any 
preventive actions from Makassar government, the 
increased air pollution will be inevitable (Makassar 
Regional Environment Body, 2013).  
City roads development that progressively reduces 
spaces along the roads has been of concern recently due to 
the importance of vegetation producing oxygen to create a 
micro climate and reduce air-borne pollutants.  
 
 
Pb is a pollutant that may cause various acute and 
chronic diseases.  It has been implicated in IQ decline 
among 12-year-old children and associated to high blood 
pressure, heart attack, pulmonary disorders, reproduction 
system disorders, miscarriage, and even cancer among 
adults (Ghai et al., 2003; Lestari, 2005, Ebadi et al., 2005).  
This study aimed to address this issue in city planning and 
design by finding out the appropriate plants to grow along 
the road and/or road green median, as a part of green open 
space. 
 
2. Research Method 
2.1. Research Locations 
Research locations were determined according to vehicle density 
and traffic level. The selected locations were AP. Pettarani street and 
Unhas campus area at Perintis Kemerdekaan street Km 10. Figure 1 
shows the research locations. 
 
2.2. Leaves Sampling 
Leaf samples were collected from lower and upper canopies of each 
tree in the predetermined roads. Total numbers of trees taken as sample 
were three in every road location.  
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Figure 1. Map of research location in AP. Pettarani street and in 
Unhas campus area 
 
2.3. Pb Assessment on Leaves 
Leaf samples were heated in oven at 105oC and then incinerated in a 
furnace at 500oC for two hours. The ash of the leaves was destructed by 
concentrated HNO3 (65%) and dissolved in 50 ml of distilled water. 
The solution was assessed for its Pb level using atomic absorption 
spectrophotometer.  
2.4.Tree Height and Exuberance of Foliage Volume 
The tree heights were measured using original laser 
distance meter (Leica DistoTM A8). The leaf lush volume 
calculation depended on the canopy shape formed by the 
leaf lush. For Polythia longifolia with cylindrical canopy 
shape, the exuberance of foliage volume was calculated 
with the following formula:          
              
 
 
Whereas, Polyalthia celebica with conical canopy shape, 
the exuberance volume was calculated using this formula:  
                 
                                               
                                                                            ;   
H= Canopy height 
 
Traffic Density Calculation 
In order to determine the traffic density, vehicle counting 
was performed in every road point locations for one week 
(Monday to Sunday) at morning, noon, and afternoon, an 
hour each. The counting was performed in the two selected 
roads. The number of passing by vehicles was calculated 
using a counter tool for all motor vehicle. 
 
3. Results and Discussion 
3.1. Morphology and Anatomy of Leaf Samples 
 
 
                                  Figure 2. Cherry (Muntingia calabura).                   Figure 3. Hibiscus (Hibiscus tiliaceus).  
(a) Habitus: Tree, (b) Leaves, (c)  Trichome, (d) Stomata, (e) Leave Base Thickness, (f) Leave Edge Thickness 
 
Cherry leaves (Figure 2) collected from three location 
points in AP. Pettarani Street had an average surface area 
of 19.0891 cm2 and an average thickness of 114.5760 um. 
Whereas those collected from three location points in 
Unhas area had an average leaf surface area of 23.8186 cm2 
and an average thickness of 116.0640 um, with diacytic 
stomata and branched trichome. Hibiscus leaves (Figure 3) 
collected from three different location points in AP. 
Pettarani Street had an average surface area of 229.3980 
cm2 and an average thickness of 201.6240 um. Whereas 
those collected from three location points in Unhas area 
had an average leaf surface area of 203.5337 cm2 and an 
average thickness of 177.6920 um, with anomocytic 
stomata and starred trichome.  
Mahogany leaves (Figure 4) collected from three 
location points in AP. Pettarani street had an average 
surface area of 6.6203 cm2 and average thickness of 
198.4000 um. Whereas those collected from three location 
 Volume of exuberance = Π r2 H 
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points in Unhas area had an average leaf surface area of 
6.4814 cm2 and an average thickness of 318.5560 um, with 
paracytic stomata and plain trichome. False Ashoka leaves 
(Figure 5) collected from three different location points in 
AP. Pettarani Street had an average surface area of 59.9134 
cm2 and an average thickness of 175.3360 um. Whereas 
those collected from three location points in Unhas area 
had an average leaf surface area of 72.8550 cm2 and an 
average thickness of 163.1840 um, with paracytic stomata 
and plain trichome.  
 
 
 
                          Figure 4. Mahogany (Swieteania mahagoni)                Figure 5. False Ashoka  (Polyalthia longifolia).  
(a)  Habitus: Tree, (b) Leaves, (c) Trichome, (d) Stomata, (e) Leave Base Thickness, (f) Leave Edge Thickness. 
 
Pyramid ashoka leaves (Figure 6) collected from three 
location points in AP. Pettarani Street had an average 
surface area of 49.857 cm2 and an average thickness of 
203.4840 um. Whereas those collected from three location 
points in Unhas area had an average leaf surface area of 
58.3184 cm2 and an average thickness of 156.8600 um, 
with paracytic stomata and plain trichome. Spanish cherry 
(Mimusops elengi) leaves (Figure 7) collected from three 
different location points in AP. Pettarani Street had an 
average surface area of 41.0296 cm2 and an average 
thickness of 212.4120 um. Whereas those collected from 
three location points in Unhas area had an average leaves 
surface area of 49,6418 cm2 and an average thickness of 
211,5440 um, with anomocytic stomata and single cell 
trichome. 
  
 
            
  Figure 6.  Pyramid Ashoka (Polyalthia celebica)                Figure 7. Spanish cherry  (Mimusops elengi).  
(a) Habitus: Tree, (b) Leaves, (c) Trichome, (d) Stomata, (e) Leave Base Thickness, (f) Leave Edge Thickness 
 
Rain tree leaves (Figure 8) collected from three location 
points in AP. Pettarani Street had an average surface area 
of 4.3665 cm2 and a average thickness of 203.8560 µm.  
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Whereas those collected from three location points in 
Unhas area had an average leaf surface area of 4.8968 cm2 
and an average thickness of 160.0430 um, with paracytic 
stomata and plain trichome. 
 
 
Figure 8. Rain Tree (Samanea saman) Habitus 
(a) Tree, (b) Leaves, (c) Trichome, (d) Stomata, (e) Leave 
Base Thickness, (f) Leave Edge Thickness. 
 
3.2. Absorbed Pb Accumulation of Plant Sample per 
Tree 
This study indicated that the level of absorbed Pb on 
cherry leaves was higher, because the cherry leaves have 
branched trichome. Plants growing in high traffic density 
locations and having branched trichome have the ability to 
absorb more Ph compared to plants with the other trichome 
types. The trapped Pb on the surface of leaves with this 
type of trichome is not easily released to air when the wind 
blows through the trees. Therefore, the trapped Pb on the 
leaf surfaces will become more easily absorbed into the 
leaves through stomata pores. 
Table 1. Absorbed Pb Level of Each Tree 
 
Location Research sample Pb 
accumulation/ 
tree (µ/g) 
AP. 
Petarani 
street 
Muntingia calabura 23343955.0500 
Hibiscus tiliaceus 210282868.6000 
Swietenia mahagoni 15969673.0800 
Polyalthia longifolia 913432.7521 
Polyalthia celebica 41052551.2800 
Mimusops elengi 7773248.8470 
Samanea saman 66942550.5600 
Unhas 
campus 
area 
Muntingia calabura 5480283.2130 
Hibiscus tilisceus 298586353.500 
Swietenia mahagoni 15951983.3700 
Polyalthia longifolia 6022132.0970 
Polyalthia celebica 33529988.2900 
Mimusops elengi 49047815.1800 
Samanea saman 186289093.2000 
 
3.3. Trichome 
Azmat, et. al., (2009) Suggested that there is an 
increase in trichome in Phaseolus mungo and Lens 
culinaris grown in densely populated areas. 
 
3.4. Exuberance of Foliage Volume 
Table 2. Average exuberance volume 
 
 
Trees 
Average exurberance of 
foliage volume (m3) 
AP. 
Pettarani 
street 
Unhas campus 
area 
Muntingia calabura 28.5373 12.3351 
Hobiscus tiliaceus 601.2985 503.1431 
Swietenia mahagoni 18.5301 42.3037 
Polyalthia longifolia 4.7224 18.2879 
Polyalthia elengi 38.7143 76.5809 
Mimusops elengi 17.3391 162.7848 
Sumanea saman 209.0486 725.5933 
 
Adiputra (2007) suggested that the wind circulation 
will be helpful in spreading the Pb particles to the entire 
canopy of the tree, so each canopy part has the same 
opportunity to uptake the Pb in the air. The Pb level 
difference in different canopy parts is due to the closer 
distance between the canopies in the tree. In addition, when 
the Pb particles have been attached to certain canopy in 
leave surface it can move easily to other canopy side by the 
help of wind. 
Pb is accumulated among tissue cell gaps of leave 
palisade and in tissue mesofil. This is in accordance to 
Smith (1981) who suggested that the polluted air will 
influence the environment including the vegetation grown 
in landscape for beautifulness, micro climate creation, and 
pollutant absorption. According to Mansfield (1976), the 
majority of air pollutants influence the vegetation through 
their leaves. 
3.5. Trees Stomata 
Novita dan Tarzan (2012) suggested that in an 
environment containing many heavy metals, the plants will 
create a regulator protein and the plant will develop a gene 
expression to form binding compound called phytochelatin. 
Phytochelatin is a peptide containing 2-8 amino acid 
system in its molecule nucleus and a glutamic acid and a 
lysine in the other end. Phytochelatin is formed in nucleus 
and then cross the endpplasma, golgi apparatus, secretory 
vesicule to reach the cell surface. This phytochelatin 
contains many SH-, S+, and RS- groups. These functional 
groups occur in cystein amino acid, which is the block unit 
of phytochelatin. Phytochelatin will form sulphide bond at 
sulphur end in cystein when it encounters a heavy metal 
substance and from complex compound, that the heavy 
metal will be transported together to plant tissues 
(Salisbury &Ross, 1995). 
3.6. Leaves Thickness 
Data in Table 3 indicates the leaf thickness obtained 
from an average of 20 prepared leaves for each tree in each 
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location, except for rain tree (Samanea saman) with 30 
prepared leaves per location. In AP. Pettarani Street, the 
thickest leaves were found in Spanish cherry (Mimusops 
elengi) (212.3100 um) and had two layers of epidermal 
cells. Whereas in Unhas area, the thickest leaves were 
found in mahogany (Swietenia mahagoni) (318.5560 um) 
with single layer of epidermis.  
Morphological response of the plant to sunlight is 
divided into two, namely the macromorphology (height, 
diameter, branching angle, leaves number, leaves area) and 
micromorphology (chlorophyll content and thickness). The 
height of trees is accelerated in shaded places, the diameter 
of trees is accelerated in non-shaded locations, branching 
angle is higher in shaded location, and leaf surface as well 
is wider in shaded location as well as the number of leaves. 
The chlorophyll content is higher in bright place; the 
thickness is higher in bright place. 
Table 3. Average thickness of the sample trees 
 
Trees 
Leaves thickness (µm) 
AP. Pettarani 
street 
Unhas campus  
Muntingia calabura 114.5760 116.0640 
Hobiscus tiliaceus 201.6240 117.6920 
Swietenia mahagoni 198.4000 318.5560 
Polyalthia longifolia 175.3360 163.1840 
Polyalthia elengi 203.4840 156.8600 
Mimusops elengi 212.4120 211.5440 
Sumanea saman 203.8560 160.0430 
 
The introduction of Pb occurs in leaf tissues because 
the leaf stomata size is bigger than the Pb particle size. Pb 
comes into the leaves through passive absorption process. 
Pb accumulation in leave tissues is higher compared to 
other parts of the plant. The attached particles to leaves are 
derived from three processes: (1) sedimentation due to 
gravity force, (2) collision due to wind turbulence, and (3) 
precipitation related to rain. Pb is an amphoteric metal 
(insoluble in water). In alkaline environment, Pb changes 
into Pb(OH)4
-. In acid environment, it is soluble to form 
Pb2+ ion and becomes mobile when compared to particle 
form (Dahlan, 1989).  
Table 4. Pb concentration in research location  
Location Station Air Pb (µg/g) 
Ap. Pettaranai 1 0.0172 
2 0.1051 
3 0.0529 
Average  0.0580 
Unhas campus area 1 0.0295 
2 0.0072 
 0.0010 
Average 3 0.0125 
 
 
 
 
3.7. Air Pb Concentration 
Table 4 lists the Pb level in the air. This data indicates 
that the Pb level in the air of AP. Pettarani Street was 
0,0584 µg/g, which was higher compared to that in Unhas 
area (0,0125 µg/g). This was due to the higher motor 
vehicle density in AP. Pettarani: 5504 units/hour in the 
morning, 5094 units/hour in the late morning afternoon, 
and 5983 units/hour in the late afternoon; compared to 
those in Unhas area:  458 units/hour in the morning, 1478 
units/hour in the late morning, and 1529 units/hour in the 
late afternoon 
From these data it was concluded that the higher the 
traffic density, the higher the Pb concentration in the air, 
due to the Pb emission released by motor vehicles.  
3.8. Motor Vehicle Density  
The observation for motor vehicles density in AP. 
Pettarani Street and Unhas area were conducted for one 
week starting from Monday to Sunday with a time interval 
of 06.00-07.00 and 11.00-12.00 in the morning, and 16.00-
17.00 in the afternoon every day. Figure 10 indicates that 
the most vehicles found in AP. Pettarani Street and Unhas 
area was motorcycles with highest traffic in the afternoon 
(4135 units). Chi-square analysis indicated that there was a 
difference in the number of motor vehicles every day (p < 
0.05). The same is true for AP. Pettarani Street (P < 0.05), 
indicating a significant difference of the number of motor 
vehicles every day. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Vehicle number in research location 
 
4.  Conclusion 
 That numbers of stomatas and trichomes, 
exuberance of folige, and the height position of 
leaves influence the Pb absorption. 
 These findings are important to take into 
consideration for the improvement of the urban 
greenery quality.  
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